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Clinical trials of new pharmaceutical agents for rheumatoid arthritis (RA) have often used elevated C‐reactive protein (CRP) levels as an inclusion criterion in order to reduce the placebo response and increase the likelihood of radiographic progression [1](#art39274-bib-0001){ref-type="ref"}, [2](#art39274-bib-0002){ref-type="ref"}, [3](#art39274-bib-0003){ref-type="ref"}. However, the CRP level is often discordant with the level of disease activity, indicating that use of the CRP as an inclusion criterion may exclude patients who have active RA [4](#art39274-bib-0004){ref-type="ref"}, [5](#art39274-bib-0005){ref-type="ref"}, [6](#art39274-bib-0006){ref-type="ref"}.

In a study by the Consortium of Rheumatology Researchers of North America (CORRONA), the CRP level was \<8 mg/liter in 71% of 9,135 patients with active RA, as defined by the Clinical Disease Activity Index (CDAI) \>2.8 [5](#art39274-bib-0005){ref-type="ref"}. Because clinical trial enrollment can be challenging, some RA trials have required little or no elevation of the CRP level at baseline [7](#art39274-bib-0007){ref-type="ref"}, [8](#art39274-bib-0008){ref-type="ref"}. The results of these trials were often mixed or negative, suggesting that it is important to ensure the inclusion of appropriate study patients by requiring an objective measure of inflammation. Thus, patient recruitment for RA clinical trials may be enhanced, without undermining the clinical and radiographic outcomes achievable by requiring an elevated CRP level, if a new inclusion criterion could identify patients who have active disease despite having a low CRP level.

The Multi‐Biomarker Disease Activity (MBDA) test has been validated for the assessment of disease activity in patients with RA [9](#art39274-bib-0009){ref-type="ref"}. It provides an objective disease activity measure that complements clinically based RA assessment tools [6](#art39274-bib-0006){ref-type="ref"}, [10](#art39274-bib-0010){ref-type="ref"}, [11](#art39274-bib-0011){ref-type="ref"}. The MBDA instrument is scored on a scale of 1--100, with disease activity categories of high (score \>44), moderate (score 30--44), and low (score \<30). Our previous study of patients from the Swedish Pharmacotherapy (SWEFOT) trial found that the MBDA score frequently detected high levels of disease activity when the CRP level did not: 30% of patients had a low CRP level (≤10 mg/liter) at baseline, yet 58% of them had high MBDA scores (\>44), and 24% of those patients showed rapid radiographic progression at year 1 [6](#art39274-bib-0006){ref-type="ref"}. The SWEFOT study did not include a CRP enrollment criterion, and all patients were treated according to the protocol, irrespective of their CRP values [12](#art39274-bib-0012){ref-type="ref"}.

In the present study, we analyzed data from SWEFOT to explore the possibility that the MBDA score may be useful as an inclusion criterion for RA clinical trials. We hypothesized that patients with a high MBDA score and a low CRP level may have active disease and would have similar clinical outcomes and degrees of radiographic progression as patients with an elevated CRP level. If so, then inclusion of patients with a high MBDA score may enhance recruitment to RA clinical trials.

PATIENTS AND METHODS {#art39274-sec-0006}
====================

Two patient populations commonly targeted for new drug therapies were analyzed: methotrexate (MTX)--naive patients and MTX--incomplete responder (MTX‐IR) patients. The MTX‐naive cohort (n = 220) included those patients from our previous study [6](#art39274-bib-0006){ref-type="ref"} who had complete clinical and serologic data available at both baseline and 3 months. Patients in the MTX‐IR cohort (n = 127) had a Disease Activity Score in 28 joints using the erythrocyte sedimentation rate (DAS28‐ESR) that was \>3.2 after 3 months of MTX treatment and were randomized to begin intensified treatment (MTX with sulfasalazine and hydroxychloroquine or MTX with infliximab). These MTX‐IR patients had complete clinical and serologic data available at both 3 months and 1 year. Radiographs were available at baseline and 1 year for both cohorts (data available upon request from the corresponding author).

Clinical assessments included the DAS28‐ESR [13](#art39274-bib-0013){ref-type="ref"}, CDAI [14](#art39274-bib-0014){ref-type="ref"}, Simplified Disease Activity Index (SDAI) [15](#art39274-bib-0015){ref-type="ref"}, tender joint count (TJC), and swollen joint count (SJC). The response according to the European League Against Rheumatism (EULAR) criteria [16](#art39274-bib-0016){ref-type="ref"} was also determined. Radiographic progression was assessed by the change in the modified Sharp/van der Heijde score (ΔSHS) [17](#art39274-bib-0017){ref-type="ref"}. Descriptive statistics were used to evaluate disease activity and radiographic damage at baseline, as well as changes over time.

MBDA testing was performed on deidentified frozen serum samples obtained at the baseline visit for the trial (i.e., prior to treatment) and at the 3‐month visit (i.e., prior to randomization) in the MTX‐IR group. MBDA analyses were performed at Crescendo Bioscience in their Clinical Laboratory Improvement Amendments (CLIA)--approved laboratory. A validated algorithm was used to generate the MBDA score for each sample (scale of 1--100) [9](#art39274-bib-0009){ref-type="ref"}, [18](#art39274-bib-0018){ref-type="ref"}. *P* values were calculated using Wilcoxon\'s rank sum test for continuous variables and chi‐square test for categorical variables.

Patients were cross‐classified by CRP level (≤10 mg/liter versus \>10 mg/liter) and by MBDA score (\>44 versus ≤44) into 1 of 4 groups (groups a--d) (Figures [1](#art39274-fig-0001){ref-type="fig"}A and B). To understand how the conventional approach (Figure [1](#art39274-fig-0001){ref-type="fig"}A) to clinical trial recruitment, which requires an elevated CRP level (defined in this study as \>10 mg/liter; groups c and d), compares to the combined approach (Figure [1](#art39274-fig-0001){ref-type="fig"}B), which also includes patients with a high MBDA score and a low CRP level (group b), we performed 2 types of comparisons. First, patients in group b were compared with patients in groups c and d. Second, patients in group a were compared with patients in groups b, c, and d. Comparisons were made for baseline data and for the change in data over the intervals relevant to each cohort. For MTX‐naive patients, baseline corresponds to the baseline SWEFOT visit. For MTX‐IR patients, baseline corresponds to the SWEFOT month 3 visit.

![Study approaches and inclusion/exclusion of patients. **A,** With the conventional approach, patients were classified according to their baseline C‐reactive protein (CRP) level alone (top). **B,** With the combined approach, patients were cross‐classified according to both their CRP level and their Multi‐Biomarker Disease Activity (MBDA) score (top). The numbers of patients from the Swedish Pharmacotherapy (SWEFOT) trial who were included/excluded according to each approach are shown for the methotrexate (MTX)--naive cohort (middle) and for the MTX--incomplete responder (MTX‐IR) cohort (bottom).](ART-67-2855-g001){#art39274-fig-0001}

RESULTS {#art39274-sec-0007}
=======

Patient groups based on MBDA score and CRP level {#art39274-sec-0008}
------------------------------------------------

The MTX‐naive cohort (n = 220) contained 154 patients with elevated CRP levels (\>10 mg/liter; groups c and d) and 66 patients with low CRP levels (≤10 mg/liter; groups a and b), of whom 37 had high MBDA scores (\>44; group b). The MTX‐IR cohort (n = 127) contained 49 patients who at month 3 of the trial (making this the baseline point for the next step in the treatment) had elevated CRP levels (groups c and d) and 78 who had low CRP levels (groups a and b), of whom 23 had high MBDA scores (group b). Thus, when compared with patients who had elevated CRP levels, the presence of a high MBDA score with a low CRP level identified 24% additional patients in the MTX‐naive cohort and 47% additional patients in the MTX‐IR cohort (Figures [1](#art39274-fig-0001){ref-type="fig"}A and B).

Characteristics of, and outcomes in, the MTX‐naive patients with high MBDA scores (\>44) and low CRP levels (≤10 mg/liter) as compared with the other patients {#art39274-sec-0009}
--------------------------------------------------------------------------------------------------------------------------------------------------------------

To understand how a hypothetical study of MTX‐naive patients would be affected if, instead of enrolling only those with elevated CRP levels (\>10 mg/liter), it also included patients with high MBDA scores (\>44) and low CRP levels (≤10 mg/liter), we analyzed baseline data and changes from baseline and compared these data in the 4 patient groups based on the MBDA score and the CRP level (Table [1](#art39274-tbl-0001){ref-type="table-wrap"} and data available upon request from the corresponding author).

###### 

Disease activity and radiographic outcomes among MTX‐naive and MTX‐IR patients according to baseline CRP level and MBDA score[a](#art39274-note-0004){ref-type="fn"}

  Response measure                                        Total cohort   CRP ≤10 mg/liter   CRP \>10 mg/liter   Intergroup comparison, difference (95% CI), *P*                                        
  ------------------------------------------------------- -------------- ------------------ ------------------- ------------------------------------------------- ------- ---------------------------- -------------------------------
  MTX‐naive cohort                                                                                                                                                                                     
  No. of patients                                         220            29                 37                  5                                                 149     --                           --
  Baseline score[b](#art39274-note-0005){ref-type="fn"}                                                                                                                                                
  MBDA                                                    59.1           35.2               51.8                39.6                                              66.3    13.6 (9.8, 17.5) \<0.0001    27.5 (23.1, 32.0) \<0.0001
  DAS28                                                   5.7            5.0                5.2                 5.2                                               6.0     0.8 (0.4, 1.1) \<0.0001      0.8 (0.4, 1.2) \<0.0001
  SHS                                                     4.5            1.4                5.6                 3.4                                               4.8     −0.8 (−3.8, 2.2) \<0.920     3.5 (0.5, 6.6) \<0.004
  Disease activity change at 3 months                                                                                                                                                                  
  ΔMBDA                                                   −14.2          −5.5               −11.9               −8.2                                              −16.7   −4.5 (−9.5, 0.4) 0.106       −10.1 (−15.3, −4.8) 0.0001
  ΔDAS28                                                  −1.7           −1.5               −1.6                −1.2                                              −1.8    −0.1 (−0.6, 0.4) 0.525       −0.3 (−0.8, 0.2) 0.211
  EULAR responders, %                                     74             76                 78                  60                                                73      −6 (−20, 9) 0.483            −2 (−19, 15) 0.815
  Radiographic change at 1 year                                                                                                                                                                        
  ΔSHS at 1 year                                          3.0            0.8                3.1                 2.4                                               3.5     0.3 (−2.0, 2.6) 0.668        2.6 (0.2, 4.9) 0.018
  ΔSHS \>3 at 1 year, %                                   30             10                 35                  40                                                33      −2 (−19, 15) 0.815           23 (10, 36) 0.012
  ΔSHS \>5 at 1 year, %                                   18             0                  24                  20                                                19      −5 (−20, 10) 0.512           20 (15, 26) 0.007
  MTX‐IR cohort                                                                                                                                                                                        
  No. of patients                                         127            55                 23                  3                                                 46      --                           --
  Baseline score[b](#art39274-note-0005){ref-type="fn"}                                                                                                                                                
  MBDA                                                    48.5           33                 49.8                40.3                                              66.9    15.4 (10.4, 20.5) \<0.0001   27.3 (23.5, 31.1) \<0.0001
  DAS28                                                   4.9            4.3                4.9                 4.7                                               5.5     0.6 (0.1, 1.1) 0.021         0.9 (0.6, 1.3) \<0.0001
  SHS                                                     5.0            4.6                5.5                 3.3                                               5.5     −0.1 (−4.6, 4.3) 0.310       0.8 (−2.0, 3.5) 0.774
  Disease activity change at 1 year                                                                                                                                                                    
  ΔMBDA                                                   −13.5          −4.2               −15.4               −5.3                                              −24.3   −7.7 (−16.6, 1.2) 0.184      −16.5 (−22.2, −10.8) \<0.0001
  ΔDAS28                                                  −1.5           −1.1               −1.4                −0.9                                              −2      −0.5 (−1.2, 0.1) 0.102       −0.7 (−1.1, −0.3) 0.0002
  EULAR responders, %                                     77             73                 70                  67                                                87      16 (−5, 37) 0.106            8 (−7, 23) 0.298
  Radiographic change at 1 year                                                                                                                                                                        
  ΔSHS at 1 year                                          3.8            1.6                4.0                 1.7                                               6.3     2.0 (−2.3, 6.4) 0.274        3.7 (1.3, 6.2) 0.005
  ΔSHS \>3 at 1 year, %                                   38             24                 39                  33                                                54      14 (−10, 38) 0.270           25 (9, 41) 0.004
  ΔSHS \>5 at 1 year, %                                   21             11                 26                  0                                                 33      4 (−18, 27) 0.694            18 (5, 32) 0.013

Except where indicated otherwise, values are the mean. CRP = C‐reactive protein; MBDA = Multi‐Biomarker Disease Activity; 95% CI = 95% confidence interval; DAS28 = Disease Activity Score in 28 joints; SHS= modified Sharp/van der Heijde score; EULAR = European League Against Rheumatism.

In the methotrexate (MTX)--naive patients, the baseline value for these analyses was also the baseline visit (randomization visit) in the Swedish Pharmacotherapy (SWEFOT) trial, whereas in the MTX incomplete responder (MTX‐IR) patients, the baseline visit for these analyses was the month 3 visit in the SWEFOT trial because that was when the next treatment step was initiated.

In the MTX‐naive cohort, patients with elevated CRP levels at baseline (groups c and d) had significantly higher levels of disease activity, as determined by scores on the MBDA, the DAS28, and the SDAI, than did those with low CRP levels and high MBDA scores at baseline (group b), due predominantly to the values in group d. However, the MBDA score and clinical measures outcome at month 3 and the radiographic outcomes at 1 year were not significantly different. Patients in group a, who had the least evidence of inflammation based on low CRP levels and low‐to‐moderate MBDA scores (CRP ≤10 mg/liter and MBDA ≤44), had significantly less joint damage at baseline, significantly less radiographic progression at 1 year, and a significantly lower percentage of patients with radiographic progression as compared with patients in groups b, c, and d combined (Table [1](#art39274-tbl-0001){ref-type="table-wrap"}). Among groups b, c, and d, the clinical improvement and joint damage results tended to be numerically highest in group d and lowest in group c.

Characteristics of, and outcomes in, the MTX‐IR patients with high MBDA scores (\>44) and low CRP levels (≤10 mg/liter) as compared with the other patients {#art39274-sec-0010}
-----------------------------------------------------------------------------------------------------------------------------------------------------------

Analyses similar to those above were performed in the MTX‐IR cohort (n = 127), using month 3 as the clinical baseline relative to the start of intensified therapy and month 12 as the clinical and radiographic end points for assessing change (Table [1](#art39274-tbl-0001){ref-type="table-wrap"} and data available upon request from the corresponding author). Results for each set of comparisons (group b versus groups c and d, as well as group a versus groups b, c, and d) were similar to those described above, except that the extent to which clinical improvements were larger in groups b, c, and d as compared with group a was greater than that observed in the MTX‐naive cohort. Group a in the MTX‐IR cohort also had significantly less radiographic progression and a significantly lower percentage of patients with radiographic progression at 1 year as compared with groups b, c, and d combined (Table [1](#art39274-tbl-0001){ref-type="table-wrap"}).

Effect of including patients with high MBDA scores (\>44) and low CRP levels (≤10 mg/liter) in the group of patients with elevated CRP levels (\>10 mg/liter) {#art39274-sec-0011}
-------------------------------------------------------------------------------------------------------------------------------------------------------------

In both the MTX‐naive and the MTX‐IR cohorts, clinical and radiographic outcomes were similar in patients with either a high MBDA score and a low CRP level or an elevated CRP level (groups b, c, and d) as compared with only those with an elevated CRP level (groups c and d) (Table [2](#art39274-tbl-0002){ref-type="table-wrap"}). Thus, in this model, combined enrollment of group b together with groups c and d would have increased the size of the MTX‐naive and the MTX‐IR populations by 24% and 47%, respectively, without compromising the clinical or radiographic outcomes.

###### 

Comparison of the conventional approach and the proposed combined approach: mean changes in disease activity measures from baseline to 3 months in MTX‐naive patients and from 3 months to 12 months in MTX‐IR patients[a](#art39274-note-0006){ref-type="fn"}

  Response measure                                                                      MTX‐naive cohort (n = 220)   MTX‐IR cohort (n = 127)                          
  ------------------------------------------------------------------------------------- ---------------------------- ------------------------- ---------------------- ----------------------
  Disease activity change at 3 months (MTX‐naive cohort) or at 1 year (MTX‐IR cohort)                                                                                 
  ΔMBDA, mean change (95% CI)                                                           −16.4 (−18.7, −14.1)         −15.6 (−17.5, −13.6)      −23.2 (−28.5, −17.8)   −20.7 (−24.9, −16.5)
  ΔDAS28, mean change (95% CI)                                                          −1.8 (−2.0, −1.6)            −1.8 (−1.9, −1.6)         −2.0 (−2.3, −1.6)      −1.8 (−2.1, −1.5)
  EULAR responders, % (95% CI)                                                          73 (66, 80)                  74 (68, 80)               86 (76, 96)            81 (71, 90)
  Radiographic change at year 1                                                                                                                                       
  ΔSHS at year 1, mean change (95% CI)                                                  3.4 (2.4, 4.5)               3.4 (2.5, 4.3)            6.1 (3.4, 8.7)         5.4 (3.4, 7.4)
  ΔSHS \>3 at year 1, % (95% CI)                                                        33 (26, 41)                  34 (27, 40)               53 (39, 67)            49 (37, 60)
  ΔSHS \>5 at year 1, % (95% CI)                                                        19 (13, 26)                  20 (15, 26)               31 (18, 43)            29 (19, 40)

MTX = methotrexate; MTX‐IR = MTX incomplete responder; CRP = C‐reactive protein; MBDA = Multi‐Biomarker Disease Activity; 95% CI = 95% confidence interval; DAS28 = Disease Activity Score in 28 joints; EULAR = European League Against Rheumatism; SHS= modified Sharp/van der Heijde score.

DISCUSSION {#art39274-sec-0012}
==========

Inclusion criteria for RA clinical trials often require an elevated level of an acute‐phase reactant, such as a CRP level \>10 mg/liter, to objectively confirm active inflammation. However, this CRP criterion may limit patient eligibility and slow recruitment because the CRP value can be low in many patients with active disease. This study demonstrated that using the criterion of a high MBDA score and/or an elevated CRP level as a study inclusion criterion could increase the number of patients who are eligible for RA clinical trials.

A limitation of this study is the relatively high level of disease activity at baseline in the patient cohort. This will necessitate further studies to determine the generalizability of our findings.

In this analysis of the SWEFOT study, which we used as a model, 30% of MTX‐naive and 70% of MTX‐IR patients would have been excluded by an inclusion criterion of a CRP level of \>10 mg/liter. In contrast, the additional inclusion of patients with a CRP level of ≤10 mg/liter and a high MBDA score (\>44) would have increased the eligible populations by 24% and 47%, respectively, without meaningfully altering the clinical outcomes or the degree of radiographic progression. Thus, incorporating a high MBDA score as an inclusion criterion may allow for more effective clinical trial recruitment by including patients with active RA who would otherwise be excluded due to a low CRP level.
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